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STOAT__ _NOUGAT. SERIES

ENT DESCRIPTION

DATE: 9 January 1562

TN O ORIGI: 16:30:00.141

YIELD: 4.5 + .6 kt

MAGNITUE: m=- 4.2

LOCATION:

Site: Area 3 U3ap

Geographic Coordinates: Lat. 370 02' 41" N; LonW. 1160 02' 06" I

ENVIRONMENT:

Geological Medium: Alluvium

Shot Depth: 992 feet

Surface Elevation- 4021 feet

Shot Elevation: 3029 feet

COMPTE-D EPICENTER (based on station spacing of approximately 1000 Icn):

Geographic Coordinates: Lat. 360 57.6' N; Long. 1160 04.2' V

Time of Origin: 16:30:02.73

Depth: Restrained at sero after initial solution above surface.

Stations Used: HL ID, MV CL, IF CL, DR CO, LC NM.

COLLAPSE:

Time of Origin: 16:56:485

Magnitude: m - 3.2



L.RSK, Status Report
STOAT

oe4 Station S-PZ SIPR SPT LIZ LPR LIT Tae imins

N2NW Test site, Nev . . . N N * P
DV CL Death Valley, Cal . + . I * P
MN NV Mina, Nev + + + -- * P
AT NV Austin, Nev I I I III I
1WNiT kanab, ttah . . . * P
BF CL Bakersfield, Cal + + + *
TN CL Twenty-Nine Palms,

CalIII I I
WMAZ Willieas, Ariz . . .
PHU-T rillmoire, Utah + + + P
F9AZ Plagstaff, Ariz + + + -- * P
CP CL CAumpo, Cal III I I * I
WI NV Winnemuccaj Rev + + + -- * P
MV CL Matysville, CAI + + + - 9

SF AZ Snowflake, Ariz + + + - - * P.
VN UT Vernal,U1tah + + + *

SV Al Springerville, Ariz + + + B

VTIOR Venator, Oregon I I I I I 1 11 1
DRC00 Durango, Colo + + + - * P
ftLIt Hailey, Idaho + +I + - - * P
ML NM Mogollon, N.M. + + + - - * S
TC NM Truth or consequences,

N.M. . . . - -- P

PT OR Pendleton, Oregon II III I I
LC NM Lao Crucest N.M. + + +* S

PM I Pole Mountain, Wyo - --- * p
PSWVA Paterson, Wash -II -II * P
RT NM Raton, N.M. + + + -- * P

EP TX El Paso, To-a --- II I P
TI WA Toppenish Ridge, Wash + I I -II * p
KI TE Eagle Flat, Texas . . . I I * p
GN NK Gnome, N.M. - - - * P
p"MTX Balmorhea, Texas I + + I I * P
SS TX Sanderson, Texas - - I-* s
N SD Winner, S.D.-- xI *

HB OK Hobart, Okla -- * p

WHO Wichita Mountains
observatory, Okla - - - *

LP TX Lo Pryor, Texas - - ,- * p
SJTIX San Jose, Texas - -- -- * P
SI MN Sleepy Eye, Minn - - I * P
4P AR Mountain Pine, Ark --- * g

NG WS Moogre, Wis - - * p
MM TN McMinnvlle, Tenn - - III * p
BL W Beackley, W.Va. --- - * p
DRUNY Delhi, N.Y. -- II* P
BC ME Bangor, Maine - - -II * P

*(perational) S (Secondary timing system)
I(inoperative) + (Signal)

p (1Primary timing system) - (No signal)
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4. Introdu-ct-ion.

A long range seismic measurements (LRSM) program was established

under VELA-uNIFORM Project 8.4 to record and analyze short-period and

long-period seismic data from a planned series of U.S. underground

nuclear tests. These, and other data, will be used by VELA-tNIFPCm

participants for studying and developing melthods for distinguishing

between explosive and earthquake sources.

The purpose of this report is to provide an analysis of the IRSM film

seismograms from 40 mobile field teams, from the Wichita Mountains

Seismological Observatory (*0), Oklahoma, and from several experimental

or temporary stations operated in connection with existing AFTAC

commitments.

5. Istrumentation and Procedure.

Instrumentation at each of the 40 mobile stations consists of three-

component short-period Benioff and three-component Sprensnether long-

period seismographs. Shots are recorded on 35 millimeter film and on

one-inch 14 channel magnetic tape. All of these stations are equipped

to record WV continuously in ordet to provide accurate time control.

Calibration is accomplished once eah day and Just prior to each shot

at operating settings. Specific details of the instrumentation and

operating procedures for these stations are given in "Routine 0perating

Instructions", whic my be obtained from AFTAC or from The Geotechnical

Corporation, Dallas, Texas.

The observatory W0 also has both long and short-period three-component

instrumentation in addition to its other specialized facilities. The

noise survey stations (TW WA) and PS WA) record only vertical components

of-both long and short-period.



A status report for STOAT is included as Table !, placed opposite

the operations map, Figure 1. This report gives the names of each of

44 stations, and indicates which were operational and which recorded

usable signals.

Station site information is presented in Appendix !(A). This includes

the station name and code, the geographic coordinates, distances and

azimuths involved, the station elevations, and the type of instruments in

use at each location.

The unified magnitude (m) computations for distances less than 160

are based on AFTAC extensions of Gutenberg's tablesi* For this purpose,

points from 100 to 160 were read from a curve in the Gutenberg-Ritchter

paper and an inverse cube relationship was used to extrapolate from

20 to 00 . A table of the distanea factors (B) is provided in Appendix i(B).

An explanation of the procedures for amplitude measurements used in

this report is illustrated in Appendix Ii First motion is read zero to

peak and other amplitudes are half peak-to-trough values, all reduced to

millmicronso The amplitude divided by the period is reported as A/T.

Appendix III quotes the Technical Working Group I (TWG-I) first

motion criLeria, and includes diagrams illustrating the elements involved

in determining a compression or rarefaction where satisfacjtory measure-

ments can be made.
As a measure of the effectiveness of a network of hypothetical control

stations having approximately 1000 km spacing, a comparison is made between

the actual location of the shot and its computed hypocenter as determined

*Outenberg.-B-and-Richter, C. F., Mafnitude and Energy of Earthauakes,
Ann. Geofiso, 9 (1956), pp. 1-15.



by a digital computer. Best-fit values of latitude, longitude, depth of

focus, and time of origin are determined statistically by a least squares

technique. This utilizes a Jeffreys-Bullen travel time curve as modified

by Herrin in 1961 on the basis of Pacific surface-focus recordings. Pre-

cision of the computation is limited primarily by the accuracy of arrival

times, the validity of the standard travel time curve, and by local

velocity deviations. Since the method is based on P wave arrivals, this

particular program does not make use of later phases such as pP and S in

the determination of depth or location. Results are shown on the event

information sheet.

6. DWaatid-Results.

Table II sumarizes the measurements made of the principal phases of

the STOAT event. Included are the Pn and P arrival times, the maximum

amplitudes (A/T) of the Pn or P and Pg motion seen on the short-period

vertical instruments and the maximum amplitudes (A/T) of the Lg phase as

measured in the short-period tangential component. Short-period signals

from this event were recorded on film by 22 stations and on tape only at

one station, CP CLe No long-period phases were observed,

Also shown in Table 1I and in Figure 2 are unified magnitudes (m)

where measurable. First motion criteria (N1G-II) were applicable for

three stations.

The travel time residuals from the Pn and P phase were within the

usual limits (see Figure 3). The amplitudes of Pn and Pg, Pg, and Lg

are shown in Figures 4, 5, and 6. These graphs show lines proportional

to the inverse cube of the distance visually fitted through the observed

points.



Attached to the report are illustrative seisogrAms showing the signals

recorded at a number of locations. Useful signals from STOAT were recorded

to a distance of 1313 km.

Following STOAT by about 27 minutes, a collapse event was recorded

vith measurable signals at 16 stations to a distance of 1005 km. Table III

shows the maximum amplitudes of the Pg and Lg phases. No long-period

signals were observed from the collapse event.

The amplitudes of Pg and Lg for the collapse are show in Figures 7

and 8. The relative amplitude of the Pg and Lg phases for STOAT and the

collapse are both in the approximate ratio of 9 to 1. This ratio was

used to determine the collapse magnitude of 3.2 as compared to the STOAT

magnitude of 4.2. Representative seismograms for the collapse event are

included with this report.
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Unified Magnitudes from Pn or P Waves

Unified Magnitude: m 1ogl (AlT) + 1
where A = zero to peak ground motion in millimicrone

K
T signal period in seconds
B = distance factor (see Table below)
m record amplitude in millimeters zero to peak

K = magnification in thousands at signal frequency

TableQfDistace Factors (B) r

Dist Dist Dist Dist
Ud~g)l_ -gB -deg B(degl-_ IL Oed-eV!_

06 - 300 3.6 600 3.8 900 4.0
1 - 31 3.7 61 3.9 91 4.1
2 2.2 32 3.7 62 4.0 92 4.1

3 2.7 33 37' 63 3i9 93 4.2
4 3.1 34 3.7' 64 4.0 94 4.1

5 3.4 35 3.7 65 4.0 95 4.2

6 3.6 36 3.6 66 4.0 '96 4.3

7 3.8 37 3.5 67 4.0 97 4.4
8 4.0 38 3.5 68 4.0 98 4.5
9 4.2 39 3.4 69 4.0 99 4.5

10 4.3 40 3.4 70 3.9 100 4.4

11 4.2 41 3.5 71 3.9 101 4.3
12 4.1 42 3.5 72 3.9 102 4.4

13 4.0 43 3.5 73 3.9 103 4.5

14 3.6 44 3.5 74 3.8 104 4.6

15 3.3 45 3.7 75 3.8 105 4.7

16 2.9 46 3.8 76 3.9
17 2.9 47 3.9 77 3.9
18 2.9 48 3.9 78 3.9
19 3.0 49 3.8 79 3.8

20 3.0 50 3.7 80 3.7
21 3.1 51 3.7 81 3.8

22 3.2 52 3.7 82 3.9
23 3.3 53 3.7 83 4.0
24 3.3 54 3,8 84 4.0

25 3.5 55 3.8 85 4.0

26 3.4 56 3.8 86 3.9

27 3.5 57 3.8 87 4.0

28 3.6 58 3.8 88 4.1

29 3.6 59 3.8 89 4.0

Appendix I(B)



SEISMIC ANALYSIS DI1AGRAM
APPENDIX I

d u Maximum B o f linme

Bottom of linfe

DETAIL SHOWING
MOXI'mumALLOWANCE FOR

pqLINE WIDTH

Moximum

Pick time of of a beginning of a"half cycle.

Pick amplitud of Pn as Maximum d;within 2 or 3 cycles of

Pick amplitude of Eq and g at maximum of corresponding motion.



FIRST MOTIOW CRITERIA

TECHNICAL WORKING GROUP II -(TWO-1i)

Excerpt from Appendices to Hearings before the Special Subcomittee
on Radiation and the Subconittee on Research and Development of the joint
Committee on Atomic Energy; 86th Cong., 2d Sess. ; April 9'-22, 1960; on
Technical Aspects of Detection and Inspection Controls of a Nuclear Weapons
Test-an; Part 2 of 2 Parts, pp. 632-633:

"2. Identification of Earthquakes

A located seismic event shall be ineligible for inspection if, and
only if, it fulfills one or more of the following criteria:

a. Its depth of focus is established as below 60 kilometers;

b. Its epicentral location is established to be in the deep open ocean
and the event is unaccompanied by a hydroacoustic signal consistent with the
seismic epicenter and origin time;

c# It is established within 48 hours to be a foreshock by the occur-
rence of a larger event of at least magnitude 6 whose epicenter coincides
with that of the given event within the accuracy of the determination of
the two epicenters. The eligibility of the second event for Inspection must
be determined separately.

d. The directions of clearly recorded first motions define a pattern
which strongly indicates a faulting source. First motions recorded at dis-
tances between 1100 kilometers and 2500 kilometers will not be used. First
motions beyond 3500 kilometers will not be used for events of magnitude
smaller than 5.5. The apparent direction of first motion mist also meet both
the following minimum conditions to be considered to be clearly recorded:

(1) The amplitude of the half-cycle of apparent first motion is at
least two (2) times as large as any half-cycle of apparent noise in the pre-
ceding few minutes, and

(2) The largest of the amplitudes of the half-cycle of apparent
first motion and the two immediately following half-cycles:

(a) at epicentral distances less than 700 kilometers is twenty(20) times larger than any half-cycle of noise in the preceding few minutes;

(b) at epicentral distances more than 700 kilometers is forty
(40) ti~es largeor than any half-cyce of noise in the preceding few minutes.

A pattern of clearly recorded first motions strongly indicates a fault-
ing source if the observed motions, extended backward to a small sphere about
the focus, can be separated into alternate quadrants by two orthogonal great
circles drawn on the small sphere, with the requirement that two opposite
quadrants combined (i) contain at least 4 clearly recorded rarefactive first
motions and (ii) contain not more than 157 compressions among the clearly
recorded first motions."



Application of the iWO It Criteria

1. Compress ion
d

700 4CA 4C 110 KNu

2. Compression
a

A( 700 Ks

b

A <(700 Km. Example shows
what may be interpreted to be
earlier signa.; however, motion
Is legs than 2 time the nois
lVel nduy be Interpreted as
nots.

Appendix Ill -Page2



Application of the 1VG it Criteria

4. AntrcF 6c t Icn

Similar to example 3.

5. Not applicable

A < 700 Km. Amplitude
c of first 3 half-cycles is

less than 20 times noise.

Appendix III -page 3
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